The exoskeleton or cuticle performs many key roles in the development and 19 survival of all nematodes. This structure is predominantly collagenous in nature and 20 requires numerous enzymes to properly fold, modify, process and crosslink these 21 essential structural proteins. The cuticle structure and its collagen components are 22 conserved throughout the nematode phylum but differ from the collagenous matrices 23 found in vertebrates. This structure, its formation and the enzymology of nematode 24 cuticle collagen biogenesis have been elucidated in the free-living nematode 25
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(http://www.ch.embnet.org/software/BOX_form.html). Amplification of the 5´ and 3158 ends of the H. contortus dpy-31 cDNA was performed using the Invitrogen 5´-and 3´-159 RACE systems with the following primers: Hc nas-35 5´RT, Hc nas-35 5´R1, Hc nas-35 160 5´R2, Hc nas-35 3´F1 and Hc nas-35 3´F2. The complete coding sequence was formed 161 from the 5´ and 3´ RACE products and the original partial sequence in ContigExpress. 162
The primers, Hc nas-35 F and Hc nas-35 R were used to PCR the genomic sequence of H. 163 contortus dpy-31, and the 5´ and 3´ unknown genomic regions were sequenced using the 164 primers Hc nas-35gF2, Hc nas-35gR2 and Hc nas-35gR3. Gene Structure Draw was used 165 to produce a scaled schematic depicting the positions of the introns and exons in the gene. 166
The relationship between the contigs and PCR fragments is depicted in the supplemental 167 Figure 1 , together with all primer sequences reported (supplemental Table 1 prediction. The complete sequence was confirmed using PCR and the primers, Bm nas-177 35F and Bm nas-35R. Intron/ exon site prediction, translations and protein alignment 178 were performed as described above. Primer sequences can be found in supplemental table  179 2. 180 181
Generation of H. contortus and B. malayi dpy-31 rescue constructs 182
A 2067bp SalI-PstI C. elegans dpy-31 promoter was generated by PCR from C. 183 elegans N2 genomic DNA using the primers, Ce35promF and Ce35promR, and cloned 184 into pBlueScript SK-. A 709bp NotI-SacII C. elegans dpy-31 3´-UTR was generated by 185 PCR from C. elegans N2 genomic DNA using the primers, Ce35utrF and Ce35utrR and 186 cloned into the Ce-dpy-31 promoter-pBlueScript construct to create the plasmid pnas-35. 187
The coding sequences of the H. contortus and B. malayi dpy-31 genes (two 188 alternatively-spliced forms for B. malayi) were isolated by PCR using the primers, Hc35 189
PstIF and Hc35b NotIR, Bm35 PstIF and Bm35a NotIR or Bm35 PstIF and Bm35b 190
NotIR, and PfuUltra polymerase to generate products of 1647bp, 1836bp and 1800bp, 191 respectively. These PCR products were cloned into pCR-TOPO2.1, and a synthetic intron 192 (5´-gtaagtttaaactattcgttactaactaactttaaacatttaaattttcag-3´) was inserted by ligation of a 193 double-stranded oligo into an AleI (H. contortus) or AfeI (B. malayi) blunt-ended 194 restriction site. These products were then cloned into the PstI-NotI digested pnas-35 195 vector to create H. contortus and B. malayi dpy-31 rescue constructs ( Figure 3H ). The 196 correct sequences of these plasmids were confirmed over the cloning and synthetic intron 197 junctions using the primers, Ce35p inF, Ce35u inR and Hc35 SIF for the H. contortus 198 constructs, and Ce35p inF, Ce35u inR and Bm35 SIF for the B. malayi constructs. 199
The dpy-31 rescue constructs were microinjected into the syncytial gonad of C. 200 elegans dpy-31(e2770) mutant nematodes at a concentration of 10µg/ml, together with 201 5µg/ml of a pdpy-7:GFP fusion construct or 25µg/ml pcpr-5:GFP fusion construct and 202 pBlueScript SK-to make the final concentration up to 150µg/ml. Transformants were 203 selected by GFP (Green Fluorescent Protein) fluorescence. Four transgenic lines (with the 204 dpy-7 marker) and one transgenic line (with the cpr-5 marker) were obtained for the Hc-205 dpy-31 construct. In addition, single-worm PCR was performed for three GFP positive 206 and three GFP negative worms per line, and for three N2 worms and three dpy-31(e2770) 207 mutant worms, using the rescue primers, Hc35 PstIF and Hc35b NotIR. All denoted 208 primer sequences can be found in supplemental Table 3 . 209
The Bmdpy-31 constructs failed to rescue the dpy-31(e2770) mutant phenotype at 210 10µg/ml with either 5µg/ml of a pdpy-7:GFP fusion construct or 25µg/ml pcpr-5:GFP 211 fusion construct, and only dead GFP positive animals were obtained. In order to establish 212 if the transgene was being expressed in the transgenic lines the Bmdpy-31 construct was 213 introduced into the wild type N2 strain at 10µg/ml with 5µg/ml of a pdpy-7:GFP and six 214 transgenic lines were established. mRNA was made from the transgenic N2 lines 215 following the protocol described in 2.2 and PCR was performed for GFP positive, N2 216 worms and dpy-31(e2770) mutants to confirm that the rescue plasmid was functional and 217 the transgene was expressed (Supplemental Figure 2) The sequences encoding the mature proteins (without signal peptide and 256 prodomain) of H. contortus and B. malayi DPY-31 were cloned by PCR using the 257 primers rHc35matF and rHc35bmatR, or Bm35matF and Bm35amatR, and PfuUltra 258 polymerase, to generate products of 1199bp and 1202bp, respectively. These PCR 259 products were first cloned into pCR-TOPO2.1, then into the KpnI-PstI digested pQE30 260 vector to create protein expression constructs. All constructs were sequenced to confirm 261 authenticity prior to transformation in E. coli M15 (pREP4) cells. Expression of the 262 encoded protein was induced by an adapted autoinduction method (Studier, 2005) . 263
Briefly, 10ml cultures of MDG medium containing 100µg/ml ampicillin and 25µg/ml 264 kanamycin were inoculated overnight with these clones, and then this non- 
SQT-3 cleavage assay 285
A SQT-3 cleavage assay was performed to determine the activity of recombinant 286 DPY-31 from both H. contortus and B. malayi. Primers were designed to amplify the sqt-287 3 (F23H12.4) coding sequence from C. elegans mixed-stage N2 cDNA (Sqt-3 cDNA PstI 288 F1 and Sqt-3 cDNA XbaI R1) using Pfu polymerase. This PCR product was cloned into 289 pCRScript (Stratagene) and then sub-cloned into pVL1392 using PstI and XbaI to 290 produce a sqt-3 construct with no TY tag (plasmid 1). The pCRScript clone was also sub-291 cloned into the Stratagene vector pBC KSP using PstI and XbaI, which was then linearly 292 digested by AspEI prior to insertion of a Ty-tag. The Ty-tag was prepared using primers 293
Ty-sense sqt-3 and Ty-anti sqt-3 and ligated into the AspEI site of the sqt-3/pBC plasmid. 294 15 This sqt-3 construct, with an N-term Ty-tag, was finally sub-cloned into pVL1392 using 295
PstI and XbaI (plasmid 2). Plasmid 1 above was used as the DNA template for 296 amplification with primers Sqt-3 cDNA PstI F1 and Sqt-3 RTyC with Pfu polymerase, 297 and the subsequent PCR product was cloned into pCRScript prior to sub-cloning into 298 pVL1392 using PstI to produce a sqt-3 construct with a C-term Ty-tag (plasmid 3). These 299 three SQT-3 constructs were then expressed in Sf9 insect cells prior to harvesting and 300 transformation markers dpy-7 or cpr-5, resulting in five independent rescue lines raised at 359 the non-permissive temperature of 20°C. These lines were assessed microscopically for 360 the presence or absence of body morphology defects. Figure 3A shows a wild-type N2 361
worm, while Figure 3B shows the larval lethal phenotype of the dpy-31(e2770) mutant 362 worm raised at 20°C. These images were compared to Figures 3C-F 
to indicate that the 363
Hcdpy-31 construct was able to rescue the dpy-31(e2770) mutant animals at 20°C, a 364 result independent of which reporter transgene (the dpy-7 hypodermal or the cpr-5 gut 365 marker) was applied. Single worm PCR demonstrated that only the GFP positive worms 366 for each transgenic line amplified the correct product of 1647bp for the Hc-dpy-31 367 transgene ( Figure 3G ), confirming that rescue of the dpy-31(e2770) worms correlated 368 with the presence of the Hc-dpy-31 transgenic construct. 369
Rescue attempts with both of the B. malayi dpy-31 constructs (a and b) failed to 370 complement the dpy-31(e2770) mutant. Four independent Bm-dpy-31 transgenic lines 371 were obtained and the presence of the transgene confirmed by single worm PCR 372 however, restoration of the wild type body form was not achieved and larval lethality was 373 evident (data not shown). In an attempt to establish that the transgene was expressed the 374 Bmdpy-31 construct was first introduced into a wild type (N2) background, transgenic 375 (GFP positive) males were produced and used to cross the transgene into the dpy-376 31(e2770) mutant strain. Following mRNA extraction, PCR confirmed that the transgene 377 was expressed in these N2 transgenic lines (supplementary Figure 2) , but the Bmdpy-31 378 constructs also failed to rescue the associated lethality when crossed into the dpy-379 31(e2770) mutant strain. 380 381
Recombinant expression of H. contortus and B. malayi active DPY-31 enzymes 382
The mature H. contortus and B. malayi DPY-31 enzymes, minus the prodomains, 383
were cloned into the pQE30 expression vector and the histidine-tagged recombinant 384 proteins were expressed following an autoinduction method. The Ni-NTA column 385 purified 50kDa proteins were detected by affinity purified anti DPY-31 antibodies for 386 both nematode species (results not shown). 387
The purified recombinant proteins were found to be active in an astacin activity 388 assay against a synthetic substrate (Figure 4 ). This activity was progressively inhibited by 389 1, 10-phenanthroline (Figure 4) (arrow in Figure 6D ). The C. elegans N2 strain was also examined for the expression of 426 DPY-31 following immunolocalization with a C. elegans affinity purified anti-DPY-31 427 peptide antibody (Figures 6E-H) . As for the transgenic reporter fusion, the expression of 428
CeDPY-31 was primarily located in the gut cells (arrow in Figure 6H ), but was also 429 found in the excretory duct of the excretory system when antibodies were applied to fixed 430 nematodes (arrow in Figure 6F ). The antibody expression pattern was confirmed to be 431 21 specific following the inability of the rabbit pre-immunization sera to highlight any of the 432 aforementioned tissues (data not shown). The GFP, β-galactosidase and antibody 433 expression patterns are therefore consistent with a nematode enzyme that is expressed in 434 the gut and the glandular excretory system. 435 
